This paper considers the ability of counting and positioning multi-targets by using a mobile UWB radar device. After a background subtraction process, distinguishing between clutters and human body signals, the position of targets will be computed using weighted Gaussian mixture methods. While computer vision offers many advantages, it has limited performance in poor visibility conditions (e.g., at night, haze, fog or smoke). UWB radar can provide a complementary technology for detecting and tracking humans, particularly in poor visibility or through-wall conditions. As we know, for 2D measurement, one method is the use of at least two receiver antennas. Another method is the use of one mobile radar receiver. This paper tried to investigate the position detection of the stationary human body using the movement of one UWB radar module.
INTRODUCTION
The IR-UWB is a technology of ultra wide band impulse signal to detect targets by transmitting and receiving the impulse signal.
Computer vision has some limitations in poor visibility condition at night, in haze, or fog and smoky areas, while UWB radar has particularly acceptable ability in poor visibility or through-wall condition and also has little been affected by dust and moisture.
However, the complex scattering behaviour of UWB waveforms poses additional signal processing problems such as removing noise, background subtraction, detecting position and tracking. Singular value decomposition (SVD) [1] and Kernel density estimation (KDE) are some specific methods for removing clutters. SVD method is not adaptive for complex areas and KDE is time-consuming for real time applications [3] . In this paper, Adaptive Background Subtraction based on exponential averaging has been used [2] . This method has robust performance and low complexity and also has strong capability in complex and changeable backgrounds. 1D localization is the next important task. The returned UWB radar signal of human body consists of multipath-components presents each part of the human bodies [4] .
The Clean Algorithm (CA) can be applied for separating these components and computing Time of Arrival (TOA) [5] [6] [7] . In order to compute TOA for multiple targets, Maximum Likelihood (ML) of Gaussian Mixture Model (GMM) has been applied [2] . This paper used the Novelda radar module which has one transmitter and one receiver antenna.
The UWB radar of this paper is working in 4.8 GHz. Federal Communication Commission (FCC) regulates the power of radar from 3.1 to 10.6 GHz in −41.3 dBrn/MHz. The performance of UWB radar is not outstanding as 24 GHz short range radar sensor.
One way to obtain Two-dimensional coordinates of the human body is the installation of two or more receiving antennas around the objects. These ways have financial costs. As the module has only one receiving antenna, the best way to obtain a Twodimensional coordinate map is the sweeping of the UWB beam over the area of interest.
Target localization and tracking has been already investigated for one dimensional area by one sender and one receiver radar module [14, 15] . In [9-11] single target localization by using one sender and multiple receivers has been investigated. Some other articles focused on two dimension areas by multiple radar modules [12] .
The coordinates of the targets could not be calculated by one radar module that can only measure a radial distance from converting time-of-arrival (TOA) [13] . On the other hand, using 
POSITION ESTIMATION
In this section, we investigate removing noise and direct waves between TX-RX, background subtraction and position detection.
Removing Noise and Direct Waves between TX-RX
Removing noise is the first step of processing of received data from radar module. Fig. 1 shows the time domain of one frame of receiving signals from the environment by the radar antenna.
Reflected waves from targets have been located in limited middle frequency interval. Other components of raw signal will be related to noise and direct waves between TX-RX. Therefore, the noise and direct waves can be removed by one suitable band-pass filter. In an instance, Fig. 2 illustrates the output of this band-pass filter. This figure shows the reflected wave from the environment that it includes two human targets
Background Subtraction
There are several methods for background subtraction such as KDE and SVD. The problem of these methods is that they need large number of previous frames for background definition. Since in this paper, we are utilizing mobile UWB radar module, one background subtraction method with suitable updating ability is needed. The Background subtraction method presented in [1] has a sufficient and fast algorithm for removing clutters. The foundational theory of this method is based on exponential averaging. One memory buffer is defined for holding n initial frame of environment without any moving target. As we know these frames contain clutters and noise. Therefore the noise level can be achieved by using these initial frames. Fig. 3 illustrates the main structure of this algorithm.
y(k) is the input and x(k) is the output and desired background.
K is a constant that has been defined to control the speed of updating background, (0 < K < 1). This algorithm has good ability for detecting the little motions of stationary human body. These motions are coming from breathing, heart beating and etc. In this case, radar module has been moved from one location to another one and radar module will be paused for a few seconds at each location. This pause is necessary for detecting the human body. I 2 I
